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(«> Tit*: METHODS AND APPARATUS FOR TRAWSMYOCARDIAL DIRECT 

(57) Ataruct 

. This inversion is methods and apparatus foi di- 
; rect coronary revascularization wherein a iraamyecar. 
t dial passageway (10) is formed between a chamber of 
j che heart (LV) and a coronary blood vessel (C3V; to per- 
: rmt Wood :o How therebetween. In some embodimems 
Lhe trar^yocardi.l passageway (10) „ formed between 
3 chamber of the heart (LV) and a coronary vein (CV) 
The invention includes unstem transmyocardial pa««e." 
ways (10). as well as rransmyocardial passageways (to) 
wherein prcxnjsive stem devices (90) ejnenti from -he 
transmyocardia, passageway (10) into an aducenc coro- 
nary vessel (CBV) or chamber of the bean (LV). The 
I VP 3 ™ 0 * * it* Present invention Inches procure 
stent devjees (90) for item of trarumyocarduU p^ge- 
w»ys (10). miraJuminal valve devices (40) for valvL 
of wnsmyocaAdtaJ passageways (I0X men-cardiac vaivc 
levies (SO) for vaWing of tmsmyocaxdi.l *ssa g *way, 
(10), endogenous tissue valves (50) for vttfving of trans- 
myocardial passageways ( i 0j \ and ancillary apparatus for 
use tn conjjnccon therewith. 
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5 METHODS AM) appranro, ^ Tff jawMvnr ^Tfr, 

BIR3CT CORONARY BTOfl^ Agn^ ^ 

Field of th* Tn ^ rT «. iln 
The present invention pertains generally tc medical 
10 treatment methods and devices, and more particularly to 
methods and devices for transluminal direct coronary 
revascularization. 

3acfrTrpu,nd of th* Tn V - nr1l7T1 
Coronary artery disease continues to be one of the 
leading causes of morbidity and mortality, throughout the 
world. The typical etiology of coronary artery disease is 
characterized by the build-up of atherosclerotic plaque 
within the coronary arteries. Such deposits of 
atherosclerotic plaque tend to fully or partially block the 
flow of blood through the affected coronary arteries, and 
if untreated can result in myocardial ischemics, infarction 
and death. 

For many years, the traditional surgical treatmer- of 
coronary artery disease has been coronary artery bypass 
surgery. m traditional coronary artery bypass surgery, 
tr.e patient is generally anesthetized and olaced on 
cardiopulmonary bypass, a thoracotomy is performed and the 
obstructed coronary blood vessels are exposed by surgical 
dissection. One or more segments of the patient's saphenous 
vein or internal mammary artery is/are harvested for use as 
bypass graft (s). The harvested segment (s) of vein or 
artery is/are then anastomosed to the obstructed coronary 
artery (ies) to form bypass conduit (s) around the arterial 
obstruction (s). Such traditional coronary artery bypass 
surgery is expensive, extremely invasive, and is associated 
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flexible guide caches- < - JL 0 " an "° P Mt *- 1 

5 Peripheral artery ea P «™°"^ "~«ed into a 

< e -<?-. the femoral arcervJ < „ 

> ><"oo„ 0£ the baUoon catheter USi ° n - ^ 

cin.es to di l ate coronary artery V"" " ^ 

obstructive lesion. These b JiZ Ce * 10 " °' = he 

=end to be less J! angioplasty procedures 

c,ad it i 0na i%: r ;;« y ~ s by:r lasa trauraatic 

-Uoon a^iopXasty^rreZe^r^e 
associated with a si , ni£i ca,, in^ c^ 

the angioplasty site enosis a ^ 

-stenosis' coJJues t o Z ^Z^ T^" °' ^ 

However c „^k subject of ongoing study. 

e™a, an 6nOSiS g8nerally to 

«-«.r a) an increase m the mass ot the artery wall ,„ „ 

=i , and/or e) ra L — — :=: 

dilated artery wall upon healing 0 - cracks m * «• 

thah h a ,r« w„ crac<s and fissures 

cnat have been created by the han««„ 

y ne ° al loor. dilation orocess 
Another alternative to traditional coronary a^ery 
bypass surgery is transluminal atherectomy or abTatlon" of 
the obstructive ma tter within the coronary arte^ tL s I 
transluminal atherectomy ablatio 7' 

performed by pass<n~ a catheter Procedures are 

fhrn „ . / pass - n * a catheter -mounted ablation apparatus 
through the vasculature to the site G * ^ 

^-ise-ablL-the^t^e ^ .« 

tr.e coronary arte-v fpu,_ _ w " oc 

y arte.y. The3 e atherectomy or ablative 
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procedures must be performed with 

or damage £o the arteryTaU a " * ^ 

-n result in excessive scaring LIT °* ^ 

of the artery lunan Pur h * ^ subs ^ent reccclusion 

5 - ative p~ s - j; r tr s r; r; rr tomy ~ 

confounded by the need to ma , ( 7 " leasc ' be 

the severed fr ^^ £ "'""lowly contain and r^ove 

into the patients circulator,, . r ° m es = a Pl"9 

« «heroecto m y catheters »a" Zr Z^ °' 

apparatus are describe c «h««-n,oun t ed ablative 

Uoyd, 3 823 71 / n ,o ? lted *»• 
<««3er,. ,B70. S5 3 ,0on Mic^ t ' KUri5K 4 ' 924 " 8 " 
(Fearnot), as wel> as f^=< ' 30,3 5 -"°.«3 

(Bernstein ec al , tanan (Cooper). WO39-0S515 

- 0 E24 3 8618 (POWmar> , „ d ^; 2 - 3..^ -Schubert,. 

bypass sur^^aT^Tud 7 "^"^ C ™ -tery 
y«y nave included minimally irvasivo „„.*: 

Procedures which, ostensibly at least c^k 

trough small (e „ , * Car ' ba formed 

« p«i«. e .. chest »au;\ b ; , 3 ;: „;:: i :r s ^ * 

associated operative instC-ts LroLl '"T^* ^ 
°« =uoh thoracoscopic coronarv h ' " Cisi °"*- 

-scribed in United st'ates ^ I . ^ " ,33^ " 

length of recoverv m™. discomfort and 

T --u7LarveTi«:::^rrrvist h — * 
: rp^ coronary ™ *z 

VP typ.cally requires a areat deal o£ operator 
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slcill and training. Furthermore, as with traditional 
coronary artery bypass surgery. the patients cn whcm ^ 
thoracoscopxc procedures are performed are llkaly to 

5 bvtlsT g T al anSS=heSia < Wich or without cardiopulmonarv 
> bypass) and the creation of a pneumothorax due to ^he 

ThuT'lT ° f f U - thiCk - SS -isicn(s) in the chest waU. 
Thus, many of the drawbacks associated with traditional 
coronary artery bypass surgery, are also associated with 
these minimally invasive thoracoscope procedures 

Another previously described procedure for bypassing 
coronary artery obstructions utiles a transmyolrdial 
Passageway , s . g ., an inters titial tunnel formed in the 
muscular wall of the heart, to carry blood from the left 
ventricle cf the heart to an obstructed coronary artery. 
S-ch procedure, hereinafter generally referred to as 
Transmyocardial Direct Coronary Revascularization" (TMDCR) 
is described in Ur.itec Staces Patent Nos. 5,237.351 (WilJc) 
5.409 019 (Wilk). a, d 5(429 , 114 (Wilk) . TheTMDCR : ec tt 
cescnbed xa these prior patents require that a catheter be 
introduced into the obstructed coronary artery and advanced 
through the obstructive lesion. After the catheter has 
oeen advanced through the obstructive lesion., th . distal 
tip of the catheter is directed coward the artery wa u aid 
an opening (i.e.. a transmycardial passageway) is formed 
through the arcery wall, through the adjacent myocardium 
and mto the chamber of the left ventricle. Also, in this 
previously described TMDCR method, a stent is required' to 
be positioned within the transmyocardial passageway. Such 
uitramyocardial stent is constructed to perform a one-way 
valvmg f unccion (i . e>< tQ ^ ^ ^ ^ 

transmyocardial passageway ir. accordance wi,h changes i~ 
the systolic-diastolic cardiac cycle). These TMDCR 
mecnods. previously described in United States Patent Nos' 
5.237,861 (Wiuo, 5,409,019 (Wilk) and 5,42S,114 (Wilk) 
may be difficult or impossible to perform in patients who 
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IfdZ T " tal " Dear Mtal °»«-ctions of a coronary 

" : i :r se oi cha ° ecassacy :or * mn * *• 

creatlo- o, .r 0 ^ ° bSt ^"- 'o -co-PUsh 

5 ™ is d "^cardial passageway « a location 
w..ich is downstream of che corona, 
Furthermore, because these "bscruction. 
m ^„, . Cese Previously described TMDCR 

methods reguire pxacement of a stent wltnln ^ 
transmyocardial passageway, sue, procedures are necessarily 
associated with procedure! complexities associated " ^ 
» measuring and precutting the , tent to , 

tnat it fits within the transmyocardial pasH^ay "I L 
protruding into the chambe- of fi. i.,, «"hout 

the luoen of the coronary arte ' L 0 aad/ ° r 
■ ^ «cery. Also, any stent which is 

T;Z1 T* " Uhl " ""-^-l >-a 5 evay - 
oe suoDect to repetitive M»vi„„ , . , ' 

p ulve hexing and/or stressing as the 
myocardium undergoes its normal contraction and rela xation 
Such repeated Hexing and/=r , ^ 
intramyocardial stent may lead to wanted migration 
dislodgement or damage of the stent. 

ml Ir -. Vie " ° £ the ^•sumn.arized shortcomings and 
HZT PreVi0us ^ d ««ibed TMDCR methods 

improved TMDCR methods and associated apparatus which may 
be utilized without the need for cumbersome stentin, of the 
transmyocardia! passageway and/or imputation of one-way 
valvmg apparatus within the transmyooardial passageway. 

JMDCR methods which can be performed in patients who suf ... 
torn totai or near total coronary artery occlusion ,., " 

r * catheter through su h 

coronary artery occlusion (s) . 

Swmvarv of the j nv? r,v^ n 

well ^ Pr6 ? nt iRV6nti ° n pro " ides new TMDCR methods, as 
-ell as certain valving devices which are usable in 
conjunction with these TMDCR methods. 
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In acc °^ance with t^L^—^^^ 1 
specific TMDCR method where- » " provi ^d a 

is fcrned between a ch^o?*!"^ 1 * 1 P ' SS ~ 

5 Ve ^e, and a coronary vei ; In " e ^ ^ 
invention, blood may o ass f ~ m " eraoodimeac of the 

for tne purpose of i nproving bl< J < he «"««y vein 

and/or Co e , Ui u Ja o~ no L,T " the "^"rdium 

10 coronary venous va3 cuU Cu «Td " itWr ' «» 

into the cardiac cha^r y T d h T nin5W0Od£r0mCh9Veln 

artery, and one or more ZJ??'*" 

">»»■ oe created between the cor™ Passageways 

5 «««y. at site.s, which T s/ Z 2 " Cha ad3a « ne 

artery obstruction. A1 / c " f ^ " C ° to ^ 
-in and/or adjacent ^ZJ? £T W ° f —ry 
-oo^o* at appropriate bU **" « 

Mood in the desired direc on^s th " flOW 

> Wood flow passageways the ^ ma ''^' 

coronary artery.' J^o^ "» 

apparatus may be positioned within -h! ''° 0re ValVi "' 

'-he cardiac chafer. 0 ^ ^ 

-locx the Uow of blood c*~r™l e ° r 
Passageway. - * tra nsmyocardial 

^,eVa~rrorary^c^^ T *" 

"ac—r trrrir - ~ 

• of the heatt e ; '* ^ 6 ""» 

coronary vessel (..a al „ ventricle) and a 

an endogenous coronary v in c ' d ~' «™«y artery; w 

ary vein, c) a man-made passageway which 
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has been formed in the heart, and which leads to an 
endogenous coronary v ein; dJ a man . made passageway ^ 
has been formed in the hear,, and which leads to an 
endogenous coronary artery; and/or e, a man-made passageway 
whxch ha, been formed in the heart between an endogenous 
coronary artery and an endogenous coronary vein) The 
unstented transmyocardial passageway ( S ) created'"" in 
accordance with this e^odi.e,.; of the invention may be 
utilized to improve perfusion of the myocardium by shunting 
blood ;rom the chamber of the heart (e.g.. left ventricle) 
xnto the coronary vessel (e.g.. vein artery or man-made 
passageway,, or may alternatively be utilized to equalize 
or normalize flow or pressure within the cardiac 
vasculature by draining blood from one or more cardiac 
vessels (e.g., vein, artery or man-made passageway,, into 
the chamber of the heart. 



lii. 



Yftinnq per io d PorriHnnahlg in r^ 1n - Vr ^ n , 
Still rurther in accordance with the present 
invention, there are provided several types of intraluminal 
valvmg apparatus which may be positioned wichin th* 
.umen(s) of the coronary blood vessel(s) (i.e.. artery" 
vein or man-made passageway, which intersect with the 
transmyocardial passageway. to intermittently block 
oloodflow, m at leasc one directiQn( fchrough ^ 

transmyocardial passageway. These intraluminal valving 
devices generally comprise tubular bodies having at least 
one occluder member positioned therein, said occluder 
member(s) being alternately moveable between i, open 
position (s, whereby bloodflow is permitted to pass through 
the transmyocardial bloodflow passageway in a desired 
direction, and ii) closed position(s) whereby blood is 
prevented from flowing through the transmyocardial 
bloodflow passageway, in an undesired direction. 

TiS3Ue Valves yor t^ r Paa , qAfT <tMJ . Y 



IV. 



20 
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Alternatively, the present invention also includes 
endogenous tissue valves which ar , ° -nci-des 

"nicn are formed in che 
transmyocardial passagewav -n r^*.* 

val ., n „ * y ssageway wQ perform a desired one-way 

v.l,mg function whereby blood is permitted to flow through 
5 the transmyocardial bloodflow passageway in a ^ 
direction, but is prevented frQm * f ^ 

regurgitating in a second direction. C< ^°^ . or 

stiu further in acccrdance 
10 invention, there are provided intracardiac valving lllZl 
which are mountable within a chafer of ch . he J- (e °" 
left ventricle) immediately adjacent to an ope-i-g intl'a 

h^av.a.ic generaced during syscol -; s ; n ;;: r : 

lctau " ° f -r icg systole . Klier ;: pe a n na 

the lnCra =,raia= valv ing device pemUs Mood C0 Z» 

inerearcer, the valvina devire ma» 

avin * a evice may be constructed to close 

or w h t aSC t ° h PreSSUr6S a " PrSSent in thS =^ er 
". e S / >yOCardiUm Under *° eS —hanical relaxation 



lengthening and chinning during diascole' 



- "^""^'y viu.r_ng aiascole. W-en 

closed, the valving device win prevent blood from 
b.ck£ owing or regurgitating from the transradial 
bloodflow passageway, into the cardiac chamber. 

iv - Prgtr^siw stPn^ ^ st e n^ r Tr ftft;T 
For TMDCR Pasci^^^y^ 
Still further in accordance with the p-esen- 
invention, there are provided stents and scented grafts^ 
whicn are positionable within the transmyocardial 
passageway, and which protrude into the adjacent coronary 
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vessel (e.g., vein, artery or mar.-made passageway). These 

protrusive stents and/or protrusive stented grafts may be 
self- expanding or pressure -expandable. Optionally, one or 
more valves or occluder members may be positioned within 
such protrusive stents and/or stented grafts to facilitate 
valving or directed movement of bloodflow in accordance 
with the diastolic/systolic cardiac cycle. 

Further objects and advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding of the following detailed 
descriptions of preferred embodiments. 

Brief pp,ffcriPHon of »h» p^^^^ 

Figure 1 is a perspective view of a human heart 
showing the typical anatomical positioning of the coronary 
arteries and coronary veins of the left heart. 

Figure la is a partial cut-away sectional view of a 
human heart wherein a transmyocardiai passageway has been 
created between the left ventricle and a coronary vein, in 
accordance with the present invention. 

Figure lb is a partial longitudinal sectional view 
through an obstructed coronary artery and adjacent coronary 
vein, showing a transmyocardiai passageway of the present 
invention, extending between the chamber of the left 
ventricle and the coronary vein. 

Figure" lc is a partial longitudinal sectional view 
through an obstructed coronary artery and adjacent coronary 
vein, showing a transmyocardiai passageway of the present 
invention extending between the chamber of the • left 
^encricle to the coronary vein, and a secondary bloodflow 
passageway extending from the coronary vein to the adjacent 
coronary artery, downstream of the obstruction. 

Figure Id is a partial longitudinal sectional view 
through a portion of the myocardium of a human heart, 
adjacent the left ventricle, showing an alternative 
embodiment of the present invention wherein a 
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which ha- h..„ entnc.e Co a secondary passageway 

hich ha, been created between the obstructed coronary 
artery and the adjacent coronary vein. Figur- 2 L ^ 

S longitudinal sections view showing a first e^ent of 
an intravascular valving aoDar^,,, ^ • oa-menc of 

operacively positioned 9 ^ ^ IZ^o 7^ 
<artery. vein or .an-made passageway' VSSSel 
Figure 2a is a perspective view a' m,» 
' valvin, apparatus o£ Figure 2 . . ' the ""avascular 

Figure 2b is an elevational view o£ a va-iant of 
intravascular valvin, apparatus shown in ptglres 2 ana 2a 
wherein a bloodfiow blocking b ulkhead \ 2a " 

upstream end of the apparatus. ^ 0 " the 

Figure 3 is a longitudina! sectional view ot a second 
enbociment of ar. ir.travascula- „,„..„ second 
,„,,„, . . iscuia- valving apparatus of the 

Present invention operative^ positioned in a coronary 
blood vessel (artery, vein or „ar.-made passageway, " 

variant 9 "" th " •«■"«•! view showinc 

variant o. the second intravascular valving anDarat,,; 
embodiment shown in Figure ,. herein two , 2 , s aF "a e 
-Iving apparat . J3 are respeccively posicio ' 

blooaUow passageway and the coronary blocd vessel (artery 
™ « cnan-made passagewayl . lattery, 

variant " 3 l0n9itudiMl -c-.iona! view of another 
«-ant of the second intravascular valving apparatus 
embodiment shown i„ Pi5 u ra uherein three 
inc ocp orated wltMn a slngle tubuiar - re 

valvin, of bloodfiow through a transradial blood 
pas ageway and coronary blood vessel (artery, vein or man 

made passageway) . 

third^T^ ^ " l0ngitUdinal sectional view showing a 
third ercbodarcent of an intravascular valving apoaratus of 
present invention operatively positioned within a 
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coronary blood vessel f a 

passageway) . rte ry. vein or man-made 

5 along with an optional " t PreSe " C inve «=l<» 

«~->l. to aount sue! Jat^uc "T^ 

inner wall o £ the heart - aClr4li "= living apparatus on the 

Figure 5a is a perspective view o- • 
valving apparatus of Figure 4 „,„• „ «cr»o.rdi.c 
10 asse^lv am X ed thereto * ° Pti °- al 

-ated b6 =»«e„r?. £ t\rr £ otr d Tr y 

vessel (a-terv vpi„ « "ic.e and a coronary blood 

» ci-.«. la-lvTlr^: ~ • «* a valving 

vessel, in accordance w^ present iZtt^ »~ 

- :i:::r ( a b c^vrr„ is -' t — 

la.tery. vein or man-made passaaewavl • 
er. elastic suture has been position J Wnerein 
th. Present invention. P ° Sltl0:le<i - » accordance with 

Protrl'v? st^ V 0n9UUdiMl SeCtiMal «~ a 
" Planted with Z . tr"" 5 ° £ Pr " OTC inVenCiOT 

into a coronary l^TZ^TT^ """^ 
»ade passageway,. 5 " " t,rV ' Vein « ««• 

Im-LI^ I,'-.* l0 " 9Uudinal view showing „ 

anothlrTtern.^ * 'T^' " Ctio " 1 ^" —in, 

aer a lternative embod Client ,u fl 

apparatus shown in Figure Ta hav* Pr ° £rusive "ant 

coverW ing an °Ptional tubular 

5 ^L^ r ° Pti0nal ValVe(S> inc --— ed therein 
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The following detailed description a -d th. 
accompanying drawings are DrovidB , - 
describing and illustrating^ f^" ° f 

of the invention only. J '^^^JtS^r 
5 scope- of th^ ;„,„„,.■ Mcea co limit the 

pe OE ctle invention in any way. 

Upon making reference m . 

k . "erence to t. 4 e acconpanyinc figures' i- 

WU1 be noced that »any of the figures «- C 'udP eh 
human cardiovascular anacomy. M e of 
structures shown in the fiff J„ are lab^T " aC0,,liCBl 
10 with the following legend: " 
AO ... . 

cbv . . _ Aorta 
Coronary Blood Vessel 

(artery, vein or 

5 CA man-made passageway} 

Coronary Arterv 

CAL ... o 

cv Coronary Artery Lumen 

CVT Coronary Vein 

rv ~ Coronary Vein Lumen 

3 svc Inferior Vena Cava 

Superior Vena Cava 

av - eft Ventricle 

' Sight ventricle 

intraventricular Septum 

M • • . 

Myocardium 

u . w x - Mnfhod mil r . n 1 r . . 

!„=■,„! rSferen « " f^ures the present inventor 

deludes methods for iaprovin, pension of re,io ns of the 

the ex 1S tence o £ «, obstruction 0B „ ithi „ a coroMr/ ^ 

a««„^ . ' * ""^"rdial passageway 10 „ hich 

- ends from a chafer ot the heart. le£t ven:ricla 

, to a coronary vein CV. 

In some embodiments of this method, the 
transmyocardial passageway 10 will simply provida a flow of 
blood from the chamber of the heart and into the coronary 
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f!i n - K SUOh tiat bl0 ° d W1U * ass *» retrograde 

fUM thr ° U5h Che c ™ y vein cv to perruse the 
«ch-ic portion o E t„e ^ 00ardiM chrou5h ^ 

ve.n, as sheen in Figure lb. 

5 In other embodiments of the invonf,-^ 

k- j-, invention, a secondary 

IZ IT PaSSa96Way 12 ^ bS Cr6ated b — -rona^ 
: " ln ;° ; hlCh the '—^cardial passageway Z 
extends and the obstructed coronary artery CA at a 

th. heart (e.g., the left ventricle LV) to initially f lo w 
through the transnyocardial passageway 10 . through a 

r: ° f K the «™ -i., 1UMn CVL# through gh the a 

secondary bloodflow passageway 12, and inCo che 
artery lumen CAL, at a location downstream of the coronary 
artery obstruction OB, as shown in Figure 2b. The 
secondary bloodflow passageway 12 which extends between the 
coronary vein CV and the coronary artery CA may optionally 
oe -canted or internally supported by a stent, sleeve or 
coa.ing (e.g., a polymer coating) co maincain patency o£ 
tne secondary passageway 12. 

in at least some applications, the coronary vein lumen 
: U ^ be ^*°^y locked (e ; g. . lifted. e.-nbcli 2e d 
fused, welded, clawed, etc., at site(s) upstream and/c- 
downstream of the transmyocardial passageway 10. As shown 
i- Figure lb, when the transmyocardial passageway 10 formed 
for the purpose of shunting oxygenated blood into the 
coronary vein lumen CVL, a proximal embolization member 14a 
-ay be positioned wichin the coronary vein lumen CVL 
immediately upstream of transmyocardial passageway 10 to 
ensure that the shunted blood will flow, in the desired 
retrograde direction through the coronary vein CV 

bloodfl 1 "' " ShOWn " 1C ' Wh9n * 

bloodflow passageway 12 is formed to carry the oxygenated 
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blood from ehe coronary vein lMen ^ inco coron 
a.tery lumer. CM.. down str e M o£ che obstru „ iOT QB , , 

aistal embolization member m»,, • . . 

member 14d may oe positioned within the 

5 "7 1Umen ^ ll - di "^ Oownstrean of the 

biood r r. fiow passageway i2 ' to "~ 

blood through the secondary bloodflow passageway. 12 ■ 

b.ood.iow passa g eway(s, 12 between the coronary vein CV and 
coronary artery CA are described in United states 
10 ^ov- 1 SpecificatiQn NQs> SQ/Q fned0ctober 

1 . 995 and 60/010,614 filed February 2. lMfi . the entire 
re f ere°nce reS ^ ^ " inC0 ^ated by 

The proximal embolization member 14a and/or distal 14b 
embolization member may comprise any suitable type of lumen 
blocking matter or apparatus, examples cf which are the 
embolization coils described in United States Parent nos. 
5.38*. 260 (Dormandy, Jr. et al . , , 5.108,407 (Geremia et 
al.), and 5.256,146 (Ensminger. et al.,. Alternatively 
the coronary vein lumen CVL may be closed off at the sites 
of the proximal 14a and/or distal 14b embolization members 
by any suitable alternative means. such as eloping, 
clipping, ligating, fusing. welding or adhesively 
conjoining the inner walls of the coronary vein lumen CVL 
so as to provide the desired blocking of bloodflow 
therethrough. 

Figure Id shows an alternative embodiment of the 
method of the present invention wherein a secondary 
txloodflow passageway 12 of the above -described type has 
been created between the coronary vein CV and ccronarv 
artery CA, and wherein the transmyocardial bloodflow 
passageway ica extends from the chamber of the heart (e.g 
left ventricle) such secondary bloodflow passageway 12. 

raDCR Mftf . hods Rmr. loving Mnn -s^pn^ 
Transmvocardial p ^saawav 
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The present invention also includes alternative TMDCR 
methods wherein a transmyocardial passageway 10 is formed 
between a chamber of the heart and a coronary vessel (i.e., 
a) an endogenous coronary vein, b) an endogenous coronary 
5 artery, c) a man-made passageway in the heart which 
connects to an endogenous coronary vein; d) a- man-made 
passageway ir. the heart which connects to an endogenous 
coronary or e) a man-made passageway which extends between 
an endogenous coronary artery and an endogenous coronary 
0 vein) . and such transmyocardial passageway 10 is allowed to 
remain non-stented (e.g., devoid of any stent or internal 
support member positioned therewith) . 

The utilization of a non-stented transmyocardial 
passageway 10 in accordance with this embodiment of the 
5 present invention eliminates the need for precise 
measurement, precutting to length and insertion of a stent 
apparatus within the cransmyocardial passageway 10, as is 
required of the previous TMDCR method described in United 
States Patent Nos. 5,287,861 (wilk) , 5.409. 019 (Wilk) and 
0 5.429. 1L4 (Wilk). When the non-stented transmyocardial 
passageway 10 or the present invention is intended to 
provide blocdflow from the chamber of the heart (e.g., left 
ventricle) into the coronary vessel (e.g., vein, artery or 
man-made passageway), the non-stented transmyocardial 
passageway 10 must remain open during systolic contraction 
of the myocardium. If the non-stented passageway 10 is 
permitted to substantially occlude or close -off during 
systolic contraction of the myocardium, such could prevent 
or deter the desired blood flow from passing through the 
transmyocardial passageway 10. in this regard, ir. 
embodiments of the invention which utilize the non-stented 
transmyocardial passageway 10, it may be desirable to 
debulk. core or otherwise enlarge the diameter of the 
passageway 10 during it's formation so as ensure that the 
passageway 10 will remain patent and open, even during 



10 



WO 98/0845<S 

PCT/US97/14801 

ana remove, tl „ ue so as ' cap abie ° : ^uUing 

.T;^t.rr 10 r /or the ^"-^ — ' • 

, ^ e - ethrou< ? n ' ma y be sufficient to prevent or 
SUCh SCa - in ^ or ™ur.l closin, of the aon stented 

c- natura. closing of che non-stentec passagewav la is ! 
Potential pro.leo, it may be desirable tQ J - " « • 
che mi cal iy tre at or coat the walls of the non stented 

r™ to prevent ° r ^ - •«* -~ 

b/ sea. rang or ingrowth of the myocardial tissue. 



in. 



YgaaeWs) to Pr.van, ^y f i QU Tnt .„ ^ 

In many embodiments o c the 

cne invention, the 

t passageway 10 , 10 . may Action in i t .' 

i««d* manner KUnout CSe inclusion ' = 

appar.cus. tor i. t „. itt =n t l y b i 0 =,ci„ g tne £1 J o£ Mo ^ 

TT*^ 1 * 1 «~y io. 10 . during e . rt , ta phase(s) 

or.., ° ardiaC Cy ° le '* en the " la " lTO hemodynamic 
pressures woul d tend t0 cause suc „ backaow _ J £ 

^v^."" PreSent inVen "° n ir - C1Ud « ""avascular 
' C ' aM > a "tus 30. n, 33. 40. examples of which are 
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shown in Figures 2-4. These intravascular valving apparatus 
20. 20, 31. 33, 40 are positionable within the lumen of the 
coronary blood vessel CBV (e.g., vein, artery or man-made 
passageway,, and operate to prevent backflow of blocd <tto 
5 the transmyocardial bloodflow passageway 10, 10a. 

In general, each of the intravascular, valving 
apparatus 20, 30, 31, 33, 40 of the present invention 
comprise a radially expandable cylindrical or tubular body 
which is transluminal!*- advanceable into the lumen of the 
10 coronary blood vessel CBV (e.g.. artery, vein or man-made 
passageway) , and which is then radially expandable so as to 
oecome implanted at a location which is adjacent or near to 
tne intersection of that coronary vessel CBV with a 
transmyocardial bloodflow passageway 10. i 0a . The valving 
apparatus 20, 30, 31. 33. 40 has an axial bore 24. 34, 42 
through which blood may pass as it flows through the lumen 
of the coronary blood vessel CBV or secondary passageway i2 
in which the apparatus 20, 30, 31, 33, 40 is positioned. 
One or more occluder members 26, 36, 46 are formed within 
the apparatus 20, 30, 31. 33, 40. such occluder member(s) 
26, 36, 46 ere alternately moveable between a first (e.g., 
open, position whereby blood is permitted to flow from the 
transmyocardial bloodflow passageway into the coronary 
blood vessel CBV or secondary passageway 12. and a second 
(e.g., closed") position whereby blood is prevented or 
deterred from backflowing or regurgitating from the 
coronary blood vessel CBV or secondary passageway 12. into 
the transmyocardial bloodflow passageway. 

Individual embodiments of the intravascular valving 
apparatus 20, 30, 31, 33. 40 are described in more detail 
herebelow. ic will be appreciated, however, that each of 
the intravascular valving apparatus 20. 30. 31, 33. 40 of 
the present invention offer advantages over the 
ir.tramyocardial stenting/valving apparatus described in 
35 United States Patent Ncs. 5.24 3.361 (Willc) , 5.409.019 
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(WW and s.„,. u « (willo in thac they 
situated entirely within che lumen „. ^ 

In!r i f K° 8V ° £ SeCOndary 12 and do not extend 

into the transradial passage way (e.g.. tne first 
passageway 10. 10a, which emanates £ ro* the chancer 
le.t ver.tricU) of the heart, r, this regard _ 9 

apparatus 20, 30, 31, 33 40 rtf . hfl • 

' JJ ' 40 ot the Present invention do 
not require precise measurement or precise cutting-to- 
length, as is purportedly required of the intramyocardial 
stenting/valving apparatus described in o.s. Patent Nos 
». 248.851 (Willt). 5,409.019 W illc) and 5,429,144 (WilJO " 

It is desirable that the valving apparatus 20. 30. 31 
33. 40 of the present invention be initially disposable in 
a cirsb radially compact dimeter which is sma il enough to 
be mounted upon or inserted into an intravascular delivery 
catheter. Such intravascular delivery catheter, havMg the 
valving apparatus 20, 30. 31. 33, 4C mounted thereor or 
tnerewithin. is crans luminal l y passable through the 
vasculature and into the lumen of the coronary blood vessel 
CBV wherein the apparatus 20, 30. 31, 33, 40 is - 0 be 
implanted. Thereafter, the apparatus 20, 30, 31, 33 40 is 
radially expanded (by self -expansion or pressure- exoansian) 
to a second radially expanded diameter, wherein the outer 
surface of the apparatus 20, 30. 31, 33, 40 frictionally 
engages the surrounding wall of the coronary blood vessel 
C3V such that the apparatus 20, 30, 31, 33. 40 is thereby 
implanted and retained in a stationary position, when the 
valving apparatus 20, 30, 31. 33. 40 is so implanted within 
the coronary blood vessel CBV. blood may flow through the 
axial bore 24, 34, 42 of the apparatus 20. 30, 31, 33. 40. 
as described in more detail herebelcw. 

It is to be appreciated that the valving apparatus 20, 
30. 31, 33, 40 may be either self - expanding or pressu-e- 
expandable. m this regard, if the valving apparatus 20, 
30, 31. 33, 40 is "self -expanding-, the cylindrical body of 
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the apparatus 20, 30, 31, 33. 40 may be formed of a shape 
memory alloy or resilienc material (e.g.. spring metal) 
"hich as inherently biased -_o ics second radially expanded 
_ diameter. Alternately, in embodiments wherein the valving 
» apparatus 20. 30. 31. 33. 40 is "pressure - expandable- , the 
cyl.ndr.cal body of the apparatus 20, 30, 31, 33, .40 may be 
formed of plastically deferrable material which" is 
initially formed it's first radially compact diameter, and 
which ma y be pressure deformed to ifs second radiallv 
expanded diameter by the exertion of outward force from an 
infernally positioned balloon or other radial expansion 
aevice. 

It is zo be further appreciated that the potential 
useability and applicability of the intravascular valving 
apparatus 20, 30, 31, 33. 40, 50 described herebelow is not 
limited only to uses in connection with the improved TMDCR 
methods of the present invention, but may also be useable 
as a modification of the previously described TMDCR 
methods, such as those of United states Patent Nos. 
5.287,8l6(Wilk>. 5.409.019(Wilk), and 5,429,144 (Wilk) 

Figures 2, 2a and 2b show a first embodimenc of an 
intravascular valving apparatus 20 which is positioned 
witnir. the lumen of a coronary blood vessel CBV (artery 
vein or man-made passageway), at a loC ation which *s 
adjacent it's intersection with the transmyocardial 
passageway 10. This embodiment of the valving apparatus 20 
has a cylindrical body having an axial bore 24 which 
extends longitudinally therethrough, and a- side aperture 22 
formed in the sidewall thereof. The side aperture 22 is 
preferably the same size or larger than the diameter of t-e 
adjacent end of the transmyocardial passageway 10. such 
that blood flowing from the cardiac chamber (e g l e£c 
ventricle lv> through the transmyocardial passaaeway io 
will pass directly through the side aperture 22 and irto 
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the bore 24 of the valving apparatus 20. An occluder 
member 26. such as a hinged obturator or pliable 
elastomeric leaflet is affixed to the cylindrical body of 
the valving apparatus 20, and extends over and 
substantially blocks the side aperture 22 so as to prevent 
the flow of blood out of the side aperture 22 The 
occluder member 26 is alternately moveable between a first 
position wherein it blocks blood from flowing out of the 
side aperture 22, and a second position wherein it permits 
blood to flow into the bore 24 through the side aperture 

This first embodiment of the valving apparatus 20 may 
be implanted in the lumen of the coronary blood vessel CBV 
such that the side aperture 22 is in alignment with the 
ad 3 acent end of the bloodflow passageway 10. During 
systolic contraction of the heart the rela-.ivelv high 
pressure within the left ventricle will force the occ'ude^ 
member 26 to its second (open! position, allowing blood to 
clow fcrom the left ventricle, through the transmyocardial 
passageway 10, through the side aperture 22, through the 
bore 24 and into the lumen of the coronary blood vessel C3V 
in the perfusive direction pd. as shown. Thereafter, 
during systolic relaxation of the heart, the relativelv low 
filling pressure within the left ventricle LV will draw the 
occluder member 26 to its first (closed) position whereby 
the occluder member 26 will prevent blood from 
regurgitating or moving in the backflow direction BD from 
the lumen of the coronary blood vessel CBV . out of the 
side aperture 22, and into the bloodflow passageway 10. In 
this manner the first embodiment of the valving apparatus 
20 serves to facilitate efficient pumping of oxygenated 
blood from the left ventricle and into the lumen of the 
coronary blood vessel CBV, to improve the flow of 
oxygenated blood to an ischemic or blood- flow-deprived 
region of the myocardium M. 
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As shown in Figure 2a, a closure member 21. in the 
nature of an end cap, may be formed on the upstream end of 
the apparatus 20 so as to completely or substantially block 
the flow of blood through the coronary blood vessel CBV and 
inro the upstream end of the bore 24 of the apparatus 20. 
The optional inclusion of the end closure member Jl in the 
apparatus 20 may serve to obviate any need for £he 
Placement of a proximal embolization member 14a within the 
lumen of the coronary blood vessel CBV, upstream of the 
valving apparatus 20. 

fr. intravascular Valvina to M r a ^ 9 . Se( . nn( , Vn ^ At „ 

Figure 3 shows a second embodiment of the 
intravascular valving apparatus 30 which comprises a 
generally cylindrical body having an axial bore 34 
extending longitudinally therethrough and a pair of 
occluder members 46 positioned therewithin, and a side 
aperture 32 formed in the cylindrical sidewall of the 
apparatus 30. behind the occluder members 36. Each 
occluder member 36 is affixed at least one point to the 
cylindrical body of the apparatus 3G, and may comprise any 
suitable structure or openable and closeable passage, such 
as a self -sealing slit or hole, or a hinged leaflet or 
pliable elascomeric member. The occluder members 46 are 
alternately moveable between first positions wherein the 
occluder members 36 directly contact one another so as to 
prevent blood from backf lowing in the backf low direction 3D 
through the axial bore 34 of the apparatus 30, and second 
positions wherein the occluder members 3 6 move out of 
contact with one another such that blood may flow through 
the axial bore 34 of the apparatus 30 in the perfusion 
direction PD. The side aperture 32 is preferably as large 
as or larger than the diameter of the blcodflow passageway 
10 which extends through the myocardium M from the left 
ventricle LV to the lumen of the coronary blood vessel CBV. 
This embodiment of the apparatus 30 is implanted in the 
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lumen of che coronary blood vessel cbv such that its side 
aperture 32 is directly aligned with the bloodflow 
passageway 10 so that blood may flow through che bloodflow 
passageway 10. into the axial bore 34 of the apparatus 30. 

During systolic contraction of the heart the 
relatively high pressures created in the left veotricle LV 
will force blood to flow through the passageway 10 into 
the axial bore 34 of the valving apparatus 30. such 
systolic bloodflow will move the occluder members 36 to 
their second (i.e.. open) positions, thereby allowing the 
blood to flew through the lumen of the coronary blood 
vessel in the perfusion direction PD. Thereafter, when the 
heart undergoes diastolic relaxation, the relatively low 
filling pressures created within the left ventricle LV will 
draw the occluder members 35 to their first (ie. closed) 
positions, thereby preventing blood from regurgitating or 
backf lowing out of the side aperture 32, in the backflow 
direction BD. In this manner, this second embodiment of 
the intravascular valving apparatus 30 serves to facilitate 
efficient pumping of oxygenated blood from the left 
ventricle LV and through the lumen cf the coronary blood 
vessel CBV, in order to provide improved bloodflow to an 
ischemic or blood- flow-deprived region of the myocardium M. 

Optionally, secondary occluder members 38 may be 
formed or mounted within the bore 34 of the apparatus 30, 
upstream of the side opening 32. These optional secondary 
occluder members 38 may be of the same type and 
construction as the above -described downstream occluder 
members 36. if present, such additional occluder members 
38 will assume their first (e.g., closed) position when the 
pressure of blood within the bore 34 of the apparatus 30 
downstream of such secondary occluder members 33 is. greater 
than the pressure of blood within the coronary blood vessel 
CBV upstream of the such secondary occluder member 38. In 
this regard, the provision of such secondary occluder 
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members 38 within the apparatus 30 win obviate the need 
for placement of a proximal occlusion apparatus 14a within 
the lumen of the coronary blood vessel CBV upstream of the 
transmyocardial bloodflow passageway 10. The inclusion of 
such secondary occluder members 38, or the alternative use 
of a proximal occlusion member 14a. will be of particular 
importance when the coronary blood vessel CBV is a cc-ortary 
vein CV. due to the substantial difference between 
endogenous coronary venous blood pressures and those 
pressures which will be created by systolic arterial 
bloodflow through the coronary vein, downstream of the 
transmyocardial bloodflow passageway 10. 

Figure 3a shows one variant of the second embodiment 
wherein two (2) separate intravascular valving apparatus 
15 31a. 31b are respectively positioned upstream and 
downstream of the transmyocardial bloodflow passageway. 
The above -described occluder members 36 are formed in the 
apparatus 31b which is positioned downstream of the 
transmyocardial bloodflow passageway 10 and the above - 
described secondary occluder members 38 are formed within 
the apparatus 31a which is positioned upstream of the 
transmyocardial bloodflow passageway 10. m this manner, 
these separate intravascular valving apparatus 31a, 31b. 
will function in the same manner as the apparatus 30 shown 
in Figure 3, when it is equipped with the optional 
secondary occluder members 38. However, it will be 
appreciated that these separate intravascular valving 
apparatus 31a. 31b do not have any side aperture 32. as 
does the device shown in Figure 3. and accordingly, will 
obviate any need for correctly sizing an aligning such side 
aperture 32 with the transmyocardial bloodflow oassageway 
10 . 

Figure 3b shows another variant of the second 
embodiment wherein a single intravascular valving apparatus 
33, in the nature of a tubular stent or tubular body, is 
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provided with three (3) separate valves 26. 36. 38 at 
locations which are a) at the junction of the 
transmyocardial passageway 10 and the coronary blood vessel 
C3V. b) upstream of the transmyocardial passageway 10 and 
O downstream of the transmyocardial passageway 10 
respectively. These valves 26, 36. 38 may conprise self- 
sealing pliable slit openings, elastomeric leaflets, hinged 
occluder members or any other suitable type of structure or 
apparatus which will intermittently open and close to 
permit bloodflow in the desired direction therethrough. 
For example, in applications wherein it is desired for the 
transmyocardial passageway 10 to provide a flow of blood 
from the cardiac chamber into the coronary blood vessel 
C3V, the first valve 26 will opera-.e tc open during systole 
to permit blood to flow from the transmyocardial passageway 
10 into the coronary blood vessel CBV, but will close 
during diastole to prevent backflow or regurgitation into 
the cardiac chamber. Similarly, the second (upstream valve 
3 8 will close during systole to prevent backflow of blood 
through the proximal end opening of the valving apparatus 
33. The third (downstream) valve 36 will open during 
systole to permit the desired flow of blood entering 
through the transmyocardial passageway 10, to continue on 
downstream through the coronary blood vessel CBV in the 
desired perfusion direction. 
C. *nt;rava3cu.;Lar Valvincr Apparatus -T h ird Emhr,^ j jimp t- 

Figure 4 shows a third embodiment of the intravascular 
valving apparatus 40 which comprises a generally 
cylindrical body having an axial bore 4 2 extending 
longitudinally therethrough and a plurality of occluder 
members 4 6 formed therewithin. The cylindrical body and 
occluder members 46 of this third embodiment of the 
apparatus 40 are the same as those of the above described 
second embodiment, except that the cylindrical body of this 
third embodiment is devoid of any side aperture (s) or 
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oper.ings in the cylindrical sidewall. in contrast to the 
above described second embodiment 30, this third embodiment 
of the apparatus 40 is implanted in the lumen of the 
coronary blood vessel CSV at a location which is downstream 
or the d unction between the coronary blood vessel C3V and 
the first bloodflow passageway 10. 

It will be appreciated that the individual' features 
and attributes of each of the above- described embodiments 
of valving apparatus 20. 30, 31, 33, 40 may be incorporated 
into any or al] of the other above -described valving 
apparatus 20, 30, 31, 33, 40 as feasible, to accomplish the 
desired hemodynamic bloodflow within the coronary 
vasculature. 

iv - lntr«cir<11ffc Valving apparatus p»- ^ nrr ^ Vi l T 
Bloodflow Throne fh« Tr ansmyocar dial p„,.^ , r 
Figures 5 and 5a show examples of intracardiac valving 
apparatus 8C which may be utilized to prevent backfiow of 
blood through the transmyocardial passageway 10, or to 
otherwise control the flow of blcod through the 
transmyocardial passageway 10 in accordance wich the 
systolic/diastolic cardiac cycle. 

As shown, the intracardiac valving apparatus 80 is 
positicnable within the cardiac chamber (e.g., left 
ventricle) immediately adjacent the opening of the 
transmyocardial passageway 10 thereinto. The intracardiac 
valving apparatus 80 may comprise any suitable type of 
hinged, pliable or moveable occlusion member or" self - 
sealing slit which will operate to intermittently block or 
unblock the flow of blood in at least one direction through 
the ^transmyocardial passageway 10. in the embodiment shown 
i-n Figures 5, 5a, the intracardiac valving apparatus 80 
comprises a genarally annular body having a central 
aperture formed therein and an occluder member 81, such as 
a pliable elastomeric flap, mounted within the aperture. 
The occluder member 81 will move, in relation to 
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*-~= Moodflov, ana/o, contraction of the ^cardi™ 

oas S Ta e ; ::°r p : si:ion ~ y biooa is « 

a;:«: -r r rAr: ehrou9h the — — 

^ iu, ar.d a closed position wherebv blood Is 

» prevented from flowing in at Wat nnm t &l00d 13 

-u least one direction thf-ouch 

the transmyocardial passageway 10. though 

The intracardiac valving appa-atua an m,„ u ■ , 
wihhin „. * «yp«-acu3 83 may be implanted 

within the cardiac chamber by anv sui r,hi a 
finr „,^, . . . * any SUit a*>le surgical or non- 

surgical technique. Preferably, the intracardiac valving 
apparatus 80 is initiaUy positioned within or upon I 

^ouT t r theter ' deliV ^ C *^~ is advanced- 

through the coronary blood vessel CBV, and through the 
transmyocardial passageway 10 . Thereafter the 

'Z^T 1 ?^ 1 ^ 3PParatUS 80 iS relSaSed - ^ected 
■ iM dSUVery c *^ter. and is caused to radially 

vaiZ 'I it>S ° PeratiVe C °-— — -e expan d 

valuing apparatus 90 i s then rPh M r^ • . 

wnen retracted into abuttina 
contact with the myocardial wall, as shown 

The intracardiac valving apparatus 80 may be attached 
to .he myocardial wall by any suitable attachment such as 
hook. .ucur... adhesives or a retaining assembly which is 
operative tc hold the intracardiac valving apparatus 80 in 
its desired fixed position upon the myocardial wall. One 
sucr. retaining apparatus, shown in Figures 5 and 5a 
comprises an annular retaining ring 82 whicr is 
positionable within the coronary blood vessel CBV and a 
Plurality of elastomeric tether members 84 which extend 
between the retainer ring 82 and the intracardiac valving 
apparatus 80. m this manner, the elastomeric tethers 84 
wxll resiliently draw the retaining ring 82 and 
intracardiac valving apparatus 80 toward one another, so as 
to hold the intracardiac valving apparatus 80 in *ix-d 
abutment with the myocardium M as shown. 

In some embodiments of the intracardiac va'vi-g 
apparatus 80, the occluder member 81 will be designed to 
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cardiac chamber (e „ , e >«=eeas that within the 

Al fcernativelv, < n 
10 incr.eardia-v.-vL. Pediments of the 

in the myocardial ^ rela i t n 1 °° '» tactile chances 
occluder nember 8, *iu ll\J h ™bodi ra e n! :s. the 

« the body of tj Intrecard ^ ""^ ° r = OUPled 

15 tha- wh.r lntracar ^*= valvino apparatus 80 such 

"... ~her. the myocardium undergoes contraction , 

Lut t o ? :: " hen the myocardi ™ 

occiuder member „ ^^ ^TZZ""^' "» 
!0 Tn .u- - to i. s closed position. 

ot th. p'reser" 1 ' ^ intr ~» ldl «« ! apparatus 80 

::'r"r*' to contro1 the — 

„,,.„ . „ znzough the -ransmyocardial passageway lo 
« the t he „ eed £or customi2lng ^ preciae ^ J 10 

o a y intranyocardiai stent, as has been described in the 
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An alternative to the use of the above -described 

~" aPParatUS 20 ' 30 '' 31 ' ». 40 and/or 

: he intracardiac valving apparatus 80. is an S ndo« 

; s SSUe ValVS WhiCh 'or** wi^ the trans^c" 

Passageway 10 or at either end thereof. For exL ple 

227 6a " 6b 9how an end ° 9enous tissue v — « Z2 ; 

for med at the Junction of the transradial blood-low 



WO 98/08456 

PCT/US97/14801 

•28- 

passageway 10 and a coronary blood vessel C3V (e.g., artery 
vein or man-made passageway) . 

With reference to Figure 6a-6b. the endogenous tissue 
valve 50 may comprise one or more segment (s) 54 of the wall 
of the coronary blood vessel CBV. along with one or more 
tapered segment (s) of underlying myocardial tissue 52.- 

This endogenous tissue valve 50 is formed* such that 
the segment (s) cf blood vessel wall 54 and underlying 
portion (s) of myocardial tissue 52 will receive sufficient 
blood supply so as not to become necrotic or infarcted. 
The thickness and mass of the tissue valve SO is preferably 
defined so that, when the heart undergoes systolic 
contraction the elevated pressure created within the left 
ventricle LV and transmyocardial bloodflow passageway 10 
will force the tissue valve 50 to an open position, as 
illustrated in Figure 5a, thereby creating an opening 56 
through which blood may flow into the lumen of the coronary 
blood vessel CBV, in the profusion direction PD. 
Thereafter, when the heart undergoes diastolic relaxation 
the relatively low filling pressures within the left 
ventricle LV and transmyocardial bloodflow passageway 10 
will allow the tissue valve 50 to return to a second or 
closed position, as illustrated in Figure 5b. When in such 
second or closed position, the tissue valve 50 will 
substantially or completely close off the transmyocardial 
bloodflow passageway 10, so as to prevent blood from 
backflowing or regurgitating in the backflow direction BD, 
from the lumen of the coronary blood vessel CBV into the 
transmyocardial bloodflow passageway 10. 

The tissue valve 50 may be created by any suitable 
means, including a procedure whereby the tissue 
penetrating, cutting or boring device used to create the 
transmyocardial bloodflow passageway is provided with a 
tapered discal end having a configuration analogous to that 
of the inner edge(s) 5S of the wall segment (s) 54 so as to 
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form the desired tissue valve (s, or segment (s) when form 
the endogenous tissue valve 50, or by another catheter- 
oased device which is equipped to form such tissue valve(s) 
or segment (s) . 

It will be appreciated that the tissue valve 50 may be 
rcrmed in various configuration. For example, although the 
tissue valve 50 shown in Figures 6a and 6b hereof consists 
or a smgle flap, various alternative configurations maybe 
u-Hzed wherein multiple tissue protrusions, multiple 
tissue flaps, or annularly tapered or funnel snapped tissue 
-"laps are formed to perform the desired valving function 
Any and all such configurations of endogenous tissue a-e 
intended to be included within the scope of the term 
"tissue valve- 50 as used herein. 

vi ' (TTfmrft for Pr^venti™ »~> n „.. ^ fl|| . 

TransmyocardjaJ, Bio o df low P»« 1 am y 
An alternative to the mechanical valving apparatus 20. 
30, 31, 33, 40 or endogenous tissue valve 50 is the elastic 
closure member 60, shown in Figure 7a and 7b. 

The elastic closure member 6d may comprise one or more 
sutures formed of stretchable or elastic material such as 
latex or other elastomeric polymer materials. Such elastic 
closure member(s) 60 are preferably passed through adjacent 
portions of myocardial tissue next to the opening 66 
between the transmyocardial bloodflow passageway 10 and the 
lumen of the coronary blood vessel CBV (or secondary 
bloodflow passageway 12) . 

The elastic closure member (s) 60 is the elastically 
biased to a retracted state whereby the closure member (s) 
60 will draw the adjacent portions of myocardium M together 
so as to close off the opening 66 between the 
transnyocardial bloodflow passageway 10 and the lumen of 
the coronary bloodflow cbv, as shown in Figure 7b. Upo- 
systolic contraction of the heart the relatively high 
pressures created within the left ventricle LV and 
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transmyocardial bloodflow passageway 10 will cause the 
elastic closure member(s> 60 to stretch or expand, therebv 
forming opening 65 through which blood nay flow from the 
transmyocardial bloodflow passageway 10 into the lumen of 
the coronary blood vessel CBV (or secondary bloodElow 
passageway „, lB the perfusion ^ ^ 

- igure /a. - 

Thereafter, when the heart undergoes diastolic 
relaxation the relatively low f illing pressures witMin 

iM-T m CI * ^ tranSmyOCard - 1 ^oodflow passageway 

10 will allow the elastic closure member 60 to retrac- 

froT/ iT^ CP6ning 66 ^ ^eventing bloc"* 

from backflowmg or regurgitating from the l umen of the 
coronary blood vessel C3V ,or secondary bloodflow 
passageway 12) into the transmyocardial bloodflow 
passageway 10, in the backflow direction BD, as shown in 
Figure 7b. 

It will be appreciated that the elastic closure member 
60 may be installed in any suitable method, such as by way 
oE an appropriate suturing or stapling device which 
operates to attach the elastic closure member 60 at its 
desired location. Such installation of the elastic closure 
member 60 may be accomplished by open surgical technique o*- 
oy way of catheter-based, transluminal methodology FO - 
example, a catheter having a suturing or stapling device 
positioned therewithin may be advanced to a position 
adjacent the opening 65. Thereafter, negative pressure or 
other suitable drawings means may be utilized co draw 
adjacent segments of the myocardial tissue, from either 
aide of the transmyocardial passageway 10, into the 
catheter. Thereafter, the desired elastic closure member 
60 may be penetrated and threaded through the adjacen* 
sides of the myocardial tissue so as to form the desired 
eiastic closure member 60. as shown. 

Vii ' *™<™lvn Stents and S^nt»rt r. r »t.~ f ^ r st .^ Mn/T ^ f 
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tt« Transmyocardial v»««» ntVinY 

In accordance with another aspect of the invention 
shown in Figures 3a -8c. protrusive stents or stented grafts 
may be positioned within the transmyocardial passageway 10, 
and- may extend into one or more adjacent coronary vessels 
including a) an endogenous coronary vein, b) an endogenous 
coronary artery, c) a man-made passageway in " the ""heart 
which connects to an endogenous coronary vein, d) a man- 
made passageway in the heart which connects to an 
endogenous coronary artery and/or e) a man-made passageway 
which extends between an endogenous coronary vein and an 
endogenous coronary artery. As described more fully 
herebelow, the protrusive stent apparatus 90, 90a, 90b of 
the present invention may incorporate one or more valving 
apparatus to intermittently block or direct bloodflow in 
accordance with various stages of the systolic/diastolic 
cardiac cycle. Furthermore. such protrusive stent 
apparatus may optionally be covered or juxtapositioaed to 
a tubular graft or sheath so as to form a discrete tubular 
passageway . 

Figure 8a shews a nor.-valved, non- covered protrusive 
stent apparatus 90 of the present invention positioned 
partially within a transmyocardial passageway 10, and 
extending into the coronary vessel CV (e.g., artery, vein 
or man-ir.ade passageway)" to which such transmyocardial 
passageway 10 extends. As shown, the protrusive stent 
apparatus 90 is curved or bent at the junction of the 
transmyocardial passageway 10 and the coronary vessel CV, 
and preferably extends into the coronary vessel CV in the 
desired bloodflow direction. 

The protrusive stent apparatus 90 may be formed cf any 
suitable material, such as wire mesh or other metal or 
polymeric material, and may be self -expanding or pressure - 
expandable. 

Figure 8b shows a variant of the protrusive stent 



W0 98/W4S6 

PCT/US97/14801 

-32- 

apparatus 90a positioned partially within a transmyocardial 
passageway 10. extending through a coronary vein CV 
carough a secondary passageway 12, and into a coronary 
^ ShOWn Pr ° trusive -PParatus 90a is 

tTZ 11 " ^ jUnCii ° a ° f S6COnd ^ P-sageway 

12 and the coronary artery ca and preferably extends -into 

the coronary artery CA in the desired bloodf low direction 

Figure 8c shows alternative variations of the 
protrusive stent apparatus 90b wherein an optional tabular 
covering 92 is formed on the protrusive stent 90b. such 
optional covering 92 may be any suitable tubular covering 
sucn as woven polyester or expanded, sintered 
Polyretrafluoroethylene (ptfe) . Additionally or 

alternatively, one or more valves such as hinged occluder 
members or pliable elastomeric leaflets may be located 
W1£5in thS P rotrus i v * «ter.= apparatus 90b with or without 
covering 92. at locations Lj and/or L, and/or Lj to 
facilitate control and valving of bloodf low through the 
transmyocardial passageway 10, coronary vein CV, secondary 
passageway 12 and/or coronary artery CA. It will be 
appreciated that embodiments of the protrusive valving 
apparatus 90b which incorporates such valves at locations 
L : and/or L 2 and/or L, may be provided with aopropriate 
openings or apertures in any covering 92 formed thereon to 
facilitate the desired "inflow or outflow of blood at 
specific locations thereon. 

These protrusive stent apparatus 90, 90a, 90b with or 
without the optional covering 92 and/or without the 
optional valves at locations L, and/or L 2 and/or L, offer 
advantages over previously known intramyocardial stents in 
that they do not require precise cutting to length or 
precise positioning within the myocardial passageway 10. 
Indeed, the protrusive stent apparatus 90, 90a, 90b of the 
present invention are intended to protrude into a coronary 
blood vessel CSV (e.g.. artery, vein and/or man-made 
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passageway) and the lenoth *u 

-engtn of the portion of the stent 
apparatus 90. 90a. 90b whi^h « „ scene 
, hlch exce «d5 inco such coronary 

blood vessel CSV is tve^can-^ t 
reaard r ho- •-, Cyp - ca11 * n °t critical. m this 
iregara, there wi'l ayic»- „^ 

. 1 exis ~ no ne ed for custom- fitting or 

precise precutting of the 

D ., 0 . , rt • , SCent a PP^atus 90. 90a, 90b 

P-ior Lo ^plantation within the patient. 

In embodiments where the q- 0 „u , " 

"ete cne s_ent apparatus 90, 90a- qnv, 

i. covered by a partial or complete tubular wi 

r: 8r ' ns *• of an, „ ltrtu ^ar „id^ 

but net necessarily limited to polyester 1 " clu<l "»» 
polytetrafluroethylene excand.* , Polyester. 

P nded I^iytetraflouroethylene 
polyuretfcane: silicone, polvca-hon*,.. . , eca » lene - 
and. xenograft tissue. ""^^^ »«o log ous tissue 

with "1 f0re,0i " ! ' lnVa " io " <>-» ascribed hereabove 
I r Te^l'TV 0 Ce " ain PreSen " y Pref6rr9d e.bodin.ents 
describe au possxbu embodiments and examples in which the 
invents may be practiced. Zndeed. various additions 
deletions, modifications and alterations may be made to "be 
above-described embodiments and examples without denartil 
Acco gly ;s , ntended au ^ 

lt"h „ 10 tH - diEi «"^ alterations be inciuded 

within the scope of the following claims. 
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WHA? IS CLAIMED IS: 

1. A meChQd for transmyocardial coronary 
revascularization, said method comprising the step of: 

a) creating a transmyocardial bloodflow 

passageway between a chamber of the heart and a 
coronary vein. 

2. The method of Claim 1 wherein said passageway is 
.ormed such that blood will flow from the chamber of the 
heart, through the transmyocardial bloodflow passageway 
and through the lumen of the coronary vein, in a retrograde 
oxrection, so as to perfuse said region of the myocardium. 

3 . The method of Claim 1 wherein said coronary vein 
15 Sltuated to a coronary artery, and wherein said 
method further comprises the step of: 

b) forming a fistulous connection between said 
coronary vein and said adjacent coronary artery, at a 
location which is downstream of said transmvocardial 
bloodflow passageway, such that blood may flow from 
the chamber of the heart, through said transmyocardial 
bloodflow passageway, through said vein, through said 
fistulous connection, and into the adjacent coronary 
artery so as to provide enhanced bloodflow through 
said coronary artery. 

4. The method of claim 3 wherein said fistulous 
connection is a secondary bloodflow passageway which 
extends from said coronary vein to said coronary artery. 

5. The method of Claim 1, further comprising the 
additional step of: 

b) blocking the iuraen of the coronary vein at 
a location which is upstream of said transmyocardial 
bloodflow passageway. 

6. The method of Claim 3 wherein said method further 
comprises the steps of: 

blocking the lumen of the coronary vein at a 
location downstream of said fistulous connection. 
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7. The method of Claim 1 further comprising the step 

of: 

b) placing an intraluminal valving apparatus 
within the lumen of the coronary vein, said 
intraluminal valving apparatus comprising at least one 
occluder member which is alternately deployable in: 

i) an open position whereby bioodfiow is 
permitted to pass through the transmyocardial 
bioodfiow passageway in a first direction; and, 

ii; a closed position whereby blood is 
prevented from backf lowing through said 
transmyocardial bioodfiow passageway, in a 
backflow direction. 

8. The method of Claim 7 wherein said 
transmyocardial bioodfiow passageway is intended to provide 
a flow of blood from the chamber of the heart into said 
coronary vein, and wherein said first direction is the 
direction extending frcm said chamber of the heart to said 
coronary vein, and wherein said second direction is the 
direction extending from said coronary vein to the chamber 
of the heart. 

9. The method of Claim 7 wherein said 
transmyocardial bloodElow passageway is intended to drain 
blood from the coronary vein into the chamber of the heart, 
and wherein said first direction is the direction extending 
from the coronary vein tc the chamber of the heart, and 
said second direction is the direction extending from the 
chamber of the heart to the coronary vein, 

10. The method of Claim 7 wherein the intravascular 
valving apparatus provided in step B is positioned 
downstream of the transmyocardial bioodfiow passageway, and 
wherein said method further comprises the step of; 

c) blocking the lumen of the coronary vein 
upstream of the transmyocardial bioodfiow passageway. 

11. The method of Claim 7 wherein the intravascular 
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valving apparatus provided in step b is positioned 
downstream of the transmyocardial blcodf low passageway, and 
wnerem said method further comprises the step of: 

c) placing a second intravascular valving 
apparatus within the lumen of the coronary vein 
upstream of said transmyocardial bloodfiow passageway' 
12. The method of Claim 1 further comprising the step 

Of : 

C) formin <? an endogenous tissue valve wliich is 
10 alternately moveable between: 

i) an open position whereby bloodfiow is 
permitted to pass from said transmyocardial 
bloodfiow passageway and through the lumen of 
said coronary vein, in a perfusion direction; 
and. 

ii) a closed position whereby said tissue 
valve will prevent blood from flowing from the 
coronary vein into said transmyocardial bloodfiow 
passageway, in a backflow direction. 

13. The method of Claim 12 wherein said tissue valve 
is formed at the junction of the transmyocardial bloodfiow 
passageway and the coronary vein. 

14. The method of Claim 13 wherein the tissue valve 
comprises at least one segment of the coronarv vein in 
combination with at least one underlying segment of 
myocardial tissue. 

15. The method of claim 14 wherein at least one 
segment of coronary vein and the at least one segment of 
underlying tapered segment of myocardial tissue which form 
said tissue valve are sized and configured such that, when 
systolic blood pressure is created within said 
transmyocardial bloodfiow passageway, said tissue valve 
will move to its open position, and thereafter when 
diastolic blood pressure is present in said transmyocardial 
bloodfiow passageway, said tissue valve will move to its 
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closed position. 

16- The method of Claim 1 further comprising the step 

of : 

connecting an elastic closure member to cardiac 
tissue on either side of said transmyocardial 
bloodflow passageway, said elastic closure member 
being alternately cransitionable between: ' 

i) a stretched configuration whereby said 
transmyocardial bloodflow passageway is opened to 
permit blood to flow from said transmyocardial 
bloodflow passageway into said coronary vein? and 

ii) a retracted configuration whereby said 
transmyocardial bloodflow passageway is 
substantially blocked so as to prevent blood from 
backflowing from said coronary vein into said 
transmyocardial bloodflow passageway. 

17. The method of Claim 16 wherein said elastic 
closure member comprises a suture which is formed of 
elastic material, said suture being threaded through said 
myocardial tissue on opposite sides of said transmyocardial 
bloodflow passageway. 

18. The method of Claim 1 further comprising the step 



OC : 



b) placing an intracardiac valving apparatus 
25 within the chamber of the heart, adjacent one end of 

said transmyocardial bloodflow passageway, said 
intracardiac valving apparatus being alternately 
deployable in: 

i) an open position whereby bloodflow is 
permitted to pass through the transmyocardial 
bloodflow passageway ir. a first direction; and, 

ii) a closed position whereby blood is 
prevented from backflowing through the 
transmyocardial bloodflow passageway, in a second 
direction, said second direction being opposite 
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said first direction. 

19. The method of Claim 18 wherein said 
transmyocardial bloodflow passageway is intended to provide 
a flow of blood from the chamber of the heart to the 
coronary vein, and wherein said first direction is the 
direction extending from the chamber of the heart to the 
coronary vein, and said second direction is the 'direction 
extending from the coronary vein to the chamber of the 
heart. 

* 

20. The method of Claim 18 wherein said 
transmyocardial bloodflow passageway is intended to drain 
blood from the coronary vein into the chamber of the heart, 
and wherein said first direction is the direction extending 
frorr. the coronary vein to the chamber of the hearc. and 
said second direction is the direction extending from the 
chamber of the hear:: to the coronary vein. 

21. The method of Claim 18 wherein the intracardiac 
valving apparatus provided in step b is attached to the 
wall c£ the chamber of the heart, and is positioned over 
the opening formed in the chamber of ' the heart by said 
transmyocardial bloodflow passageway. 

22. The method of Claim 21 wherein said intracardiac 
valving apparatus is sutured to the wall of the chamber of 
the heart. 

23. The method of Claim 21 wherein said intracardiac 
valving apparatus is adhered to the wall of the chamber of 
the heart. 

24 . The method of Claim 1 further comprising the seep 

of: 

b) placing a protrusive stent within said 
cransmyocardial passageway, such that said protrusive 
stent extends into said coronary vein. 

25. The method of Claim 24 wherein said protrusive 
stent is uncovered. 

26. The method of Claim 24 wherein said protrusive 
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stent is at least partially covered. 

27. The method of Claim 24 wherein said protrusive 

Moc* br°f F T CeS " 1SaSt ^ ^ t0 -^-ttentlv 
bloc, blood f l0 w, i„ aC leas, one direction, through said 
transmyocardial passageway. 

28. The method oi claim 27 where!.-, said valv- is 
operate to put blood to tlow from said chamber of" eh. 
hear: throuoh said transradial passa,eway. and i«o 

from C ° T °T V8iC ' PreVenC M00d "» ««*««tng 

from sa.d coronary vein i„ to sai d transmyocardial 
passageway. 1 x 

29. A method for transmyocardial direct coronary 
revascularization, said method comprising the steps of: 

a) forming a transmyocardial bloodflow 
passageway from a chamber of the heart to a coronary 

blood vessel; 

b) permitting blood to flow from the chamber o-" 
the heart, through said transmyocardial bloodflow 
passageway; and 

O into the coronary blood vessel, while said 
transmyocardial bloodflow passageway remains devoid of 
any stenc positioned therewithin. 

30. The method of Claim 29 wherein said blood vessel 
is selected from the group consisting of: 

i) an endogenous coronary artery; 

ii) an endogenous coronary vein; 

iii) a man-made passageway which has been formed 
in the heart and which connects to an endogenous 
coronary vein; 

iv) a man-made passageway which has been formed 
in the heart and which connects to an endogenous 
coronary artery; and 

v) a man-made passageway which extends between 
an endogenous coronary arcery and an endogenous 
coronary vein. 
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bland"' "T "" ,th ° d ° f CUi °' 29 " h « ein «M coronary' 

rurJier comprises the step of: 

d> forming a second bloodflow passageway between 
«id coronary vein and the adjacent coronary a^ry 
at a location which is downstream " 0 f S ald 
transmyocarcial bloodflow passageway 

bloodflow passageway is a fistulous tract which extends 
between said coronary vein and said coronary a~cery 

33. The method of Claim 29 wherein it is intended for 
coron flow in a first flow direction £ 

coronary blood vessel and wherein said method furt J 
comprises the additional seep of:. ^rcne. 

dJ blocking the lumen of the coronary blood 
vessel at a location which is ups:rea m cf said 
trar.smyocardial bloodflow passageway 

fu-h' 4 " ^ me "" h0d ° f 31 WhereiR Said "'hod 

turner comprises the step of: 

d) blocking the lumen of the coronary vein 
downstream of said fistulous connection. 

35. The method of Claim 29 further comprising the 
step of: y 

d) placing an intraluminal valvirg aoparatus 
within the lumen of the coronary blood vessel, said 
intraluminal valving apparatus comprising at least one 
occluder member which is alternately deployable in: 
i> an open position whereby bloodflow is 
permitted to pass from said transmyocardial 
bloodflow passageway and through the lumen of the 
coronary vein in a perfusion direction; and, 

ii) a closed position whereby blood is 
prevented from flowing from the coronary vein 
into said transmyocardial bloodflow passageway. 
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in a backflow direction. 

36. The method of Claim 35 wherein the intravascular 
valving apparatus of step C is positioned downstream of the 
transmyocardial bloodflow passageway, and wherein said 

5 method further comprises the step of: 

e) blocking the lumen cf the coronary vein 
upstream of the transmyocardial bloodflow passageway. 

37. The method of Claim 29 further comprising the 
step of: 

10 c) forming an endogenous tissue valve which is 

alternately moveable between: 

i) an open position whereby bloodflow is 
permitted to pass from said transmyocardial 
bloodflow passageway and through the lumen of 
said coronary vessel, in a first direction; and, 

ii) a closed position whereby said tissue 
valve will prevent blood from flowing from the 
coronary vein into said transmyocardial bloodflow 
passageway, in a second direction opposite said 

20 first direction. 

38. The method of Claim 37 wherein said tissue valve 
is formed at the junction of the transmyocardial bloodflow 
passageway and the coronary blood vessel. 

39. The method ot Claim 38 wherein the tissue valve 
25 comprises at least one segment of the coronary blood vessel 

in combination with at least one underlying segment of 
myocardial tissue. 

40. The method of Claim 37 wherein at least one 
segment of coronary blood vessel and _at least one 
underlying tapered segment of myocardial tissue which form 
said valving tissue valve are sized and configured such 
that, when systolic blood pressure is created within said 
transmyocardial bloodflow passageway said tissue valve will 
move to its open position, and thereafter when diastolic 

35 blood pressure is present in said transmyocardial bloodflow 
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passageway, said tissue valve will n« v - . , 
position. 111 n ° Ve to closed 

41. The method of Claim 29 Frri-h*- 
step of: further comprising the 

' connecting an elasMr* ~i 

* elastic closure member to t-ho 

™ dl al cissue on euher « « th. 

tr«^o<«dUi bloods passa,. ray . ell « c 

closure member beirc k , elastic 

between: * alternately transitionable 

i) « stretched configuration whereby an 
oP*n ing 13 formed tQ pennU bioQd ^ y^- 

aaxd transmyocardial bloodflow passag ft way into 
said coronary vein; and 

ill a retracted configuration whereby said 
opening is substantially dosed. thereby 
preventing blood froB backflowing from ^ 

coronary vein into said transmyocardial bloodflow 
passageway. 

42. The method of Claim 41 wherein said elastic 
closure member is a suture which is formed of e as c 
-terxal and passed through said myocardial tissue on 
~y. SideS ° f ^ —cardial bl £~ 

seep of:' meth ° d ° f Claim 29 fUrthSr C0 «P'i-in» the 

b) placing a protrusive stent within said 
transmyocardial passageway, such that said protrusive 
stent extends into said coronary vessel 

44. ^e method of Claim 43 wherein said protrusive 

stent is uncovered. 

45. The method of Claim 43 wherein said protrusive 
stent ls at least partially covered. 

45. The method of claim 43 wherein said protrusive 
stent incorporates at least one valve to intermittently 
block blood flow, in at least one direction, through said 
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transrayocardial passageway. 

47. The method of claim 46 wherein said valve is 
operative to permit blood to flow fro. said chamber of the 
neart through said transmyocardial passageway, and into 
said coronary vessel. but will prevent blood from 
bacxflowmg f rom said coronary ^ £™ 

transmyocardial passageway. 

48. An intraluminal valving apparatus which is 

» I™.: 0 /""" bl0 ° d £r ° m 3 b ~^°win g iron, a 
° bl0 ° d V6SSel into * ^ansmyocardial bl ood fi ow 

passageway which extends from , chamber of ^ ^ 

saxd coronary blood vessel, said apparatus comprising- 

a generally cylindrical body having an axial bore 
which extends longitudinally therethrough; and, 

at least one occluder member positioned within 
said axial bore, said at least one occluder member 
toeing alternately moveable between: 

i) an open position whereby systolic blood 
is permitted to pass from said transmyocardial 
bloodfiow passageway, through the lumen of the 
coronary blood vessel; and, 

ii) a closed position wherebv blood is 
prevented from backflowing from the lumen of the 
coronary blood vessel into the transmyocardial 
bloodfiow passageway. 

49. The valving apparatus of Claim 48 wherein said 
generally cylindrical body is initially of a radially 
compact diameter so as to be transluminal ly advancable 
through the vasculature into said blood vessel, and is 
subsequently expandable to a second radially expanded 
diameter wherein said cylindrical body will contact and 
engage the surrounding wall of said blood vessel. 

50. The valving apparatus of Claim 49 wherein said 
cylindrical body is self -expanding. 

51. The valving 'apparatus of Claim 49 wherein said 
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cylindrical body is pressure -expandable. 

52; The vaiving apparatus of Claim 48 further 
comprising: 

a side apercure formed in the cylindrical body of 
said apparatus, said side aperture being alignable 
with said transmyocardial bloodflow passageway such 
that blood from said cransmyocardial bloodflow 
passageway may flow through said side aperture and 
into the axial bore of the vaiving apparatus. ♦ 

53. The vaiving apparatus of Claim 52 wherein said at 
least one occluder member is configured to close off said 
side aperture when in it's closed position, and further 
such that a subsequent increase in blood pressure within 
the transmyocardial bloodflow passageway will move said 
occluder member to said open position, thereby reopening 
said side aperture. 

54. The vaiving apparatus of Claim 53 wherein said at 
least one occluder member is positioned within the axial 
bore of the apparatus, at a location downstream of said 
sice aperture, such that systolic bloodflow which passes 
from the transmyocardial bloodflow passageway into the 
axial bore of the apparatus will force said occluder member 
to its open position, thereby causing the bloodflow to 
continue in the downstream direction, and the subsequent 
creation of diastolic blood pressure is within the 
transmyocardial bloodflow passageway will move said 
occluder member to its closed position thereby preventing 
blood from backflowing out of said side aperture and into 
said transmyocardial bloodflow passageway^ 

55. The vaiving apparatus of Claim 53 further 
comprising : 

a blocking member which closes off the axial bore 
of the apparatus, upstream of said side aperture. 

56. The vaiving apparatus of Claim 4 3 further 
comprising : 
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a secondary occluder member which closes off the 
axial bore of the apparatus, upstream of 3ai d side 

aperture. 

57. The valving apparatus of Claim 48 wherein the 
apparatus is intended to be positioned within said 
coronary blood vessel at a location downstream of said 
junction between said blood vessel and '-.said 
transmyocardial bloodflow passageway, and wherein: 

saad at least one occluder member which is 
configured to permit blood to flow in a perfusion 
direction through said axial bore, when said at least 
one occluder member is in it's open position, and to 
prevent blood from backflowing through said axial bore 
in a backflow direction, when said occluder member is 
in its closed position. 

58. A system comprising two of the valving apparatus 
of Claim 43. one of said valving apparatus being 
posxtionable within said coronary blood vessel uostream of 
said transmyocardial bloodflow passageway, and the other of 
said valving apparatus being positionable within sa'd 
coronary blood vessel downstream of said transmyocardial 
bloodflow passageway. 

59. An intracardiac valving apparatus which is 
operative to control bloodflow through a transmyocardial 
bloodflow passageway extending from a chamber of the heart 
to a coronary blood vessel, said intracardiac valving 
apparatus comprising: 

a valve body having an opening formed 
therethrough, said valve body being positionable in 
contact with the wall of the heart such that the 
opening of said valve body is in alignment with said 
transmyocardial bloodflow passageway; 

at least en occluder member positioned within the 
opening of said valve body, said occluder member being 
alternately moveable between: 
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i) an open position whereby blood is 
permitted to pass through said transradial 
bloodflow passageway in a first direction; and, 

U) 3 Closed Position whereby blood is 
Prevented from f Lowing thrQugh ^ 

transmyocardial passageway in at least a second 
direction opposite said first direction 

60. The intracardiac valving apparatus of Claim 59 
wherein said apparatus further comprises- 

aooarr"- «" Said intracardiac valving 

apparatus m substantial fixed position against sail 
wall of the chamber of the heart. 

61. The intracardiac valving apparatus of Claim 60 
wherein said means for holding comprises hooks. 

62. The intracardiac valving apparatus of Claim 61 
wherein said means for holding comprises sutures. 

63. The intracardiac valving apparatus of Claim 61 
wherein said means for holding comprises an adhesive 

64. The intracardiac valving apparatus of claim 61 
wherein said means for holding comprises a retainer 
assembly which engages the heart, and which exerts force 
upon said intracardiac valving apparatus to hold said 
intracardiac valving apparatus to hold said intracardiac 
valvmg apparatus in substantially fixed position. 

65. The intracardiac valving apparatus of Claim 64 
wherein said retainer assembly comprises: 

a generally annular retainer ring having an 
aperture formed therein, said generally annular 
retainer ring positionable within the coronary blood 
vessel such that the aperture formed therein is in 
alignment with the transmyocardial passageway; and. 

at least one elastomeric tether member having a 
first end connected to said intracardiac valving 
apparatus and a second end connected to said retainer 
ring, said elastomeric tether member being of a length 
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and resiliency which is sufficient to exert sufficient 
inward pressure upon said valving apparatus and said 
retainer ring to hold said valvir.g apparatus and said 
retainer ring in substantially fixed positions, with 
the aperture of the valving apparatus and the aperture 
of the retainer ring being in alignment with said 
transmyocardial passageway. 

66, A protrusive stent apparatus for stenting a 
transmyocardial passageway which extends from a chamber of 
the heart to a coronary blood vessel, said apparatus 
comprising: 

a tubular body which is alternately configurable 

in: 

i) a radially collapsed configuration of 
a first diameter; 

ii! a radially expanded configuration of a 
second diameter, said second diameter being at 
least as large as the diameter of the 
transmyocardial passageway; 

said protrusive stenting apparatus having a 
length which is longer than the length of the 
transmyocardial passageway, such that said apparatus 
may be positioned within said transmyocardial 
passageway from said cardiac chamber to said coronary 
blood vessel, with a portion of said apparatus 
protruding into said coronary blood vessel. 

67. The protrusive stent apparatus of Claim 66 
wherein the tubular body of said stent appaxatus is self- 
expanding . 

68. The protrusive stent apparatus of Claim 66 
wherein the tubular body of said stent apparatus is 
pressure expandable. 

69. The protrusive stenr apparatus of Claim 66 
wherein the tubular body of said stent apparatus is formed 
of material selected from the group o£ materials consisting 



W0 9MM4S6 

FCT/U597/1480L 

-48- 

of : 

metal; 

polymeric material. 

70. The apparatus of Claim 65 wherein said apparatus 
further comprises: 

a tubular covering formed on said stent, 

71. The apparatus of Claim 70 wherein said tubular 
covering is formed of a material selected from the group of 
materials consisting of: 

polyester; 
woven polyester; 
polytetrafluroethylene; 
expanded polytetraf louroethylene; 
pol yure thane; 
silicone; 
polycarbonate; 
autologous tissue; and, 
xenograft tissue. 
72. The apparatus of Claim 66 wherein said apparatus 
further comprises: 

at lease one valve positioned within said tubular 
body to control bloodflcw therethrough. 
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